The interaction of sire and population in Hungarian Fleckvieh beef cattle breed were examined in this study on data from the Hungarian Fleckvieh Breeders Association. Data of 2 345 progeny (1 260 male and 1 085 female), born between 1992 and 2003, of 35 sires from two populations were evaluated. Preweaning daily gain (PDG) and 205-day weight (205-dw) were analysed. Population, age of cows, year of birth, season of birth and sex of calves as fixed, sire and sire × population were treated as a random effect. Among the same performance data in the two populations (A, B) genetic correlation (rg), while by the gradiation of sires rank correlation (rrank), were evaluated. 
Introduction
In the former publications of this series of articles was reported about factors, which have an influence on the weaning performance of Hungarian Fleckvieh calves, about population-genetic parameters of the weaning traits and the estimated breeding value. In this work the experiences will be showed which were obtained in the examinations of genotype × environment interaction, appearing in weaning performances.
It is well-known for a long time that the traits of different populations, which can be measured phenotypically, not always change in the same way owing to the effect of the different environmental factors (WILSON 1974) . It was proved by the result of researches that the different genotypes can react upon the different environmental factors in different way, too. It means that the animals with different genetic construction can react upon to the environmental factors in different way or the animals with the same genotype show different phenotypic value under different environmental conditions (HORN and DOHY 1970) . The genotype × environment interaction can have several occurrences. DICKERSON (1962) mentioned some environmental factors, which can have different influences on the performances of populations with different genotype and can cause an interaction. For the examination of genetic × environmental interactions, for the estimation of interaction component can applied a two-or more-factor variance analysis (HORN 1978) . FALCONER (1952) suggested determining the interactions in the different environments with the genetic correlations between the results of the production because any traits measured in two different environments can be treated from genetic point of view as two different traits (FALCONER and MACKAY 1996) . If the estimated genetic correlation is close, the rank-line of the estimated breeding animals will be unrelated to the environment, whereas the loose genetic correlation or the total independence of traits means that the rank-line of the examined breeding animals evaluated in two different environments can considerably differ from each other. By calculation of rank-correlation coefficient informing data can be obtained referring to the type of genotype × environment interaction, where there are differences in the rank-line, which was built up according to the mean performances of the examined genotypes (HORN 1978) . VOSTRY et al. (2009) found six Czech beef cattle races for weaning weight that environment interaction was not biologically important and can be ignored in the evaluation of beef cattle in the Czech Republic.
Several researchers examined the effect of different environmental factors and interactions (MÜLLER 1991 , NOTTER et al. 1992 , SOTO-MURILLO et al. 1993 , KOVÁCS et al. 1993 , MORRIS et al. 1993 , SANFTLEBEN et al. 1994 , MATHUR et al. 1995 , TŐZSÉR et al. 1996 , DE MATTOS et al. 2000 , FERREIRA et al. 2001 , SANDELIN et al. 2002 , LENGYEL et al. 2003ab, DE SOUZA et al. 2003 , IBI et al. 2005 , SZABÓ et al. 2006 . The above mentioned examinations expressly show the importance of genotype × environment interactions.
The aim of this work was to estimate the weaning performances of Hungarian Fleckvieh calves in a way, which wasn't applied so far and to obtain newer data about the performance of Hungarian Fleckvieh bulls in different environments, about the breeding value and the genotype × environment (sire × population) interaction.
Material and methods
The examinations were made on the database given by the Association of Hungarian Fleckvieh Breeders. In the evaluation the data of 2 345 calves (1 260 bulls and 1 085 heifers) born between 1992 and 2003 in two populations were used. The examined traits were the preweaning daily gain (PDG) and the 205-day weight (205-dw). From the evaluated factors age of cows at calving, year of birth and sex were treated as fixed effects, the sire and the sire × population interaction as random effects. The age of calves -from the birth to the weaning -was a covariant factor in case of preweaning daily gain. The Table 1 shows the models applied for the estimation of the effects of the several traits.
The database included the data of calves descending from 35 breeding bulls in two populations -population A and population B. Each bull had calves in both populations. The general form of the model applied for the preweaning daily gain is as follows:
where Ŷijklmno is the weaning weight and gain/life day of the calf, whose age is o, sex is n, from the sire i, whose age is k, in the population j, in the season l, from a cow whose age is m; μ is the mean value of all observations, El is the fixed effect of the season of birth, Si is the random effect of sire, Cm is the fixed effect of age of cow at calving, Hj is the fixed effect of population, In is the fixed effect of sex, SHij the random effect of sire × population interaction, Yk is the fixed effect of the year of birth, b is the random effect of the regression coefficient and eijklmno is the random residual. The method of evaluation of the 205-day weight differs from the former one so far as the age of the calves as covariant wasn't included by the model. The model was following:
For the estimation of breeding value of bulls sire model was applied. The sire model is a mixed model, which takes into consideration the fixed and the random effects as well. It differs from the animal model so far as it is necessary to know the sire only; the other family relations of the animal aren't needed. The estimation was made by HARVEY'S (1990) Least Square Maximum Likelihood Computer Program.
The genetic correlations between the herds we calculated among the genetic values of the given trait with the following formula:
where rg is the genetic correlation, σ 2 G1 is the variance of the given trait in one of the populations, σ 2 G2 is the the variance of the given trait in the other population and σG1G2 is the covariance of the two traits. The rank-line of the breeding bulls we calculated by a rank-correlation coefficient.
Data were arranged with Microsoft Excel XP program while variance analysis resp. rank-correlation coefficient calculation with SPSS 9.0 software.
Results and discussion
According to the results of the examination -as it can be seen in the Table 1 -the age of cows, year, season, sex, sire × population interaction and the age at weaning had a significant (P<0.001) influence on the preweaning daily gain and the 205-dw. These results are similar to the results of SZABÓ et al. (2006) , LENGYEL et al. (2003b), and TŐZSÉR et al. (1996) .
The contribution of examined factors to the total variance is shown by the Table 2 . It can be seen that the sire and the population by itself didn't influence both traits, but they together influenced them significantly. In case of 205-dw the greatest effect had the sex (51 %). It is similar to the results of LENGYEL et al. (2003b), and KOVÁCS et al. (1993) . In case of the preweaning daily gain the age of cows had the greatest effect (27.7 %). This value differs from the results of SZABÓ et al. (2006) . The interaction component was in case of both traits the fifth most important source of variance, it gave not more than 5.23-3.08 % of the total variance. A significant interaction was observed by MÜLLER (1991), NOTTER et al. (1992) , FERREIRA et al. (2001) , DE SOUZA et al. (2003) , IBI et al. (2005) . The Table 3 includes the genetic correlations calculated among the performance data in the two populations. According to ROBERTSON (1959) the genotype × environment interaction is important, when the genetic correlation between the same traits measured in the different populations is smaller than 0.8. In the results it can be seen that the genotype × environment interaction was of great importance in case of both traits, because small (rg=0.22-0.31) genetic correlation coefficients were obtained. It is in accordance with the results of SOTO-MURILLO et al. (1993 ), FERREIRA et al. (2001 , DE SOUZA et al. (2003) . The Table 4 shows the breeding value of the evaluated bulls. The Figure shows the rankline of bulls according to the estimated breeding values. It can be seen in the figure that the sire × population interaction was so high that it caused change in the rank-line. The calculated rank-correlation coefficient ( The results are similar to the statements of MÜLLER (1991) and NOTTER et al. (1992) , who found such sire × population interactions, which caused a change of the rank correlation of breeding bulls in the populations and regions. Summing up the results it can be stated that an important sire × population interaction could be found relating to the preweaning daily weight and the 205-day weight in the breed Hungarian Fleckvieh. The genotype × environment interaction was found so high, that it caused the change of the rank-line of sires according to the weaning performances. This interaction calls the attention that it is to go about carefully in the evaluation of the Hungarian Fleckvieh sires if they aren't used in the same population in which they were ranked. The reliability of evaluation of the breeding value can be lower, if the interactions will be left out of consideration. To eliminate this, the mathematic model of several evaluating methods for the breeding value (e.g. BREEDPLAN) takes the sire × population interaction in account.
